Condensation of the cis-diol of adenosine (la) or guanosine (\b) with ethyl levulinate led to the acetal-esters £a_ or 2b_. Phosphorylation with phosphorous oxide trichloride converted them into their 5'-monophosphates. On alkaline hydrolysis the acetal-esters 2a, b as well as their 5'-monophosphates gave the carboxylic acid derivatives 3a,b and 4a,b, respectively. Condensation of these acid derivatives with aminohexyl-agarose (5) using water soluble N-ethyl-N'-(3'-dimethyl-aminopropyl)-carbodiimide hydrochloride as coupling reagent led to the new polymers 6a/6b and 7a/7b. This method of preparing resin linked adenosine and guanosine derivatives should be generally applicable to any ribonucleoside or ribonucleotide with a cis-diol. Because of the widespread occurence of these molecules, particularly as cofactors of enzymes, the new polymers might be useful tools for the purification of certain classes of enzymes by affinity chromatography.
INTRODUCTION
Polymer bound molecules have become increasingly important as tools for separation of macromolecules and for model studies of enzyme reactions and other chemically catalyzed processes (1, 2, 3) .
The immobilisation of ribonucleoside derivatives such as AMP to polymers (11) has a special importance because of the widespread occurence of ribonucleotides as cofactors for certain classes of enzymes. For the use of resin linked nucleotide for affinity chromatography the position of fixation of the ribonucleoside or ribonucleotide to the polymer resin is important. The nucleotide bound must still retain a high affinity for the binding of enzymes.
The attachment of adenosine derivatives to a polymer can be achieved through the 6-amino group via an aminohexyl residue (4, 12) . More general methods of fixation may be achieved through coupling of the ribose moiety of the nucleotide to polymers. This general type of fixation has been accomplished by oxidation of the cis-diol group of the ribose ring with sodium periodate leading to its dialdehyde. The latter was then condensed with hydrazides to morpholine derivatives which were then coupled with the polymer <5). Polymers with ATP (6) or GTP (7) and also with polynucleotides (8) as ligands were prepared by this method.
We would like to report the preparation of polymer linked ribonucleosides and ribonucleotides. We describe the synthesis of adenosine and guanosine acetals as well as their 5'-monophosphates and their condensation with an aminohexyl derivative of agarose.
RESULTS AND DISCUSSION
Condensation of Ribonucleosides with Ethyl Levulinate: One of the most widely used protecting groups for the cis-diol system of ribonucleosides is the isopropylidene residue. This residue may be introduced by acid catalyzed condensation of a ribonucleoside with acetone. If ketones such as ethyl levulinate are used, acetals of type 2_ would be expected to form. The condensation of these nucleoside derivatives with polymers via the carboxyl groups should then lead to new types of resin linked nucleoside derivatives.
It has been shown that condensation of adenosine with ethyl levulinate (9) using hydrochloric acid and triethyl ortho formate as catalyst, yields the acetal 2a_ in 71 % yield after 20 h. The conditions also allow the condensation of cytidine with ethyl levulinate (9) . The method has now been applied to guanosine where the crystalline reaction product 2b_ was obtained in 63 % yield. As analytical tests indicate the reaction with uridine and inosine leads to the same type of reaction products. The method can therefore be applied to the 4 most abundant ribonucleosides (A, U, G, C) and should be applicable to other ribonucleosides as well. The condensation of an ribonucleoside with ethyl levulinate would be expected to lead to the formation of diastereoisomers, differing in the configuration of the quaternary acetal carbon. It has already been shown for the adenosine derivative 2a_ that only one isomer is obtained (9) . In contrast the H-NMR spectrum of the guanosine derivative 2b_ shows one major signal at 1.32 ppm and a much smaller signal at 1.50 ppm corresponding to the methyl groups of the 2 diastereoisomers.
The integrals indicated a ratio of 91 % : 9 %. By comparison of the methyl signals of 2b_ with the chemical shifts of the methyl signals of isopropylidene guanosine, the major product was assigned the endo conformation for the methyl group and the exo conformation for the side chain (9) .
Because of the large excess of the desired isomer, the mixture was not It is possible that during the coupling procedure of 3a/3b as well as 4a/4b with EDC guanidino derivatives may be formed (10) . However, we showed by thin layer electrophoresis (Silica gel, 0.1 M sodium citrate, pH 6.5)
that after a reaction time of 24 h the derivatives were unchanged, indicating that no reaction between the amino groups of the purine moiety and EDC took place at this pH value.
The amount of ligand covalently linked to the polymer was calculated from three different experiments:
1. Samples of O.25 g of the moist gels 6a^ or 6b, respectively were hydrolysed in 5 ml hydrochloric acid (O.5 M) at 10O for 15 min., diluted to 50 ml (water) and the extinction at 26O nm for 6a_ or at 25O nm for 6b was determined.
2. 1.25 umol free nucleoside 3_a_ °r 3b_, respectively were hydrolysed and the extinctions determined as described above.
3. 0.25 g of moist aminohexyl-agarose (5_) was hydrolysed in the same manner and the extinction determined.
By substraction of the extinction of the hydrolysed aminohexyl-agarose (5_) from the extinctions of the hydrolysed samples 6a^ (at 260 nm) or 6b_ (at 25.O nm) respectively the extinction of the ligands are obtained.
These extinctions were correlated to the values obtained after hydrolysis of 1.25 ymol 3ji or 3b_ respectively. The amount of ligand covalently linked to the polymer was determined to be 5.9 pmol/g 6a_. In the case of 6b_ 7.5
Vlmol were bound/g packed gel .
In order to exclude that the coupling of 4a_ or £b resulted in a condensation of the phosphate residues with the amino groups of the aminohexylagarose (5_) , AMP and 5_ were treated with EDC under the conditions described for the condensation of 4a^ or 4b_ with S_. The amount of bound phosphate was
The gel was sucked dry in a Buchner funnel until the surface cracked.
determined to be less than O.5 Vimol/g packed gel. This is in contrast to the amount of bound nucleotides 4a_ and 4b after condensation with EDC to 5_
where values of 9 Umol/g andlO Umol/g respectively of bound ligand were determined. Thus the derivatives 4a_ and 4b_ must couple to aminohexyl-agarose (5_) through their carboxylic groups and not through the phosphate residues.
Values of 1O ymol 4a_ or 10 ymol 4b bound to the agarose derivative 5 were also obtained after the hydrolysis procedure and the determination of the UV absorption already described for 6a/6b.
The method of hydrolysis of bound nucleosides and nucleotides is therefore suitable for the correct determination of the nucleoside content of agarose derivatives if a standardized value is used.
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After keeping the mixture at room temperature for 24 h the solution was poured into 1 5OO ml ether. The ether was decanted and the oily residue washed twice with the same solvent.
The residue was dissolved in chloroform by treatment with 2 % aqueous sodium hydrogen carbonate. The organic layer was washed with water, dried and 
